reaction between the three A. actinomycetemcomitans serotype-specific antisera and 62 strains representing 23 major oral bacterial species. Distinct from the serotype antigens were at least one A. actinomycetemcomitans species common antigen and an antigen shared with other Actinobacillus species, Haemophilus aphrophilus, and Haemophilus paraphrophilus. All serotype a A. actinomycetemcomitans strains failed to ferment xylose, whereas all serotype b organisms fermented xylose. Serotype c included xylosepositive as well as xylose-negative strains. A total of 301 isolates of A. actinomycetemcomitans from the oral cavity of 74 subjects were serologically categorized by indirect immunofluorescence with serotype-specific rabbit antisera. Each patient harbored only one serotype of A. actinomycetemcomitans. Fourteen healthy subjects, five diabetics, and seventeen adult periodontitis patients exhibited serotypes a and b in approximately equal frequency, whereas serotype c was found less frequently. In contrast, in 29 localized juvenile periodontitis patients, the incidence of serotype b was approximately two times higher than that of serotypes a or c, suggesting a particularly high periodontopathic potential of A. actinomycetemcomitans serotype b strains. In subjects infected with A. actinomycetemcomitans, serum antibodies were detected to the serotype antigens, indicating that these antigens may play a role in the pathogenesis of periodontal disease.
Immunological studies of pathogenic bacteria have been highly valuable in implicating microorganisms and specific microbial components in the etiology of infectious diseases. Important examples include the incrimination of group A beta-hemolytic streptococci in human infections (15) and that of the polyribose phosphate moiety of capsular polysaccharide in the virulence of Haemophilus influenzae serotype b (33) .
Actinobacillus actinomycetemcomitans is an oral gram-negative facultative organism, which is closely related to the Haemophilus group of organisms. This organism can cause severe human infections, including bacterial endocarditis (20, 21, 24, 31) , thyroid gland abscess (2) , urinary tract infection (30), brain abscess (13) , and vertebral osteomyelitis (18) . A. actinomycetemcomitans produces a potent endotoxin (10) , a collagenase (J. Rozanis and J. Slots, J. Dent.
Res., Abstr. Int. Assoc. Dent. Res. 1982, no. 275), a leukotoxin capable of lysing human polymorphonuclear leukocytes in vitro (1) , and other cytotoxic products (7) .
A. actinomycetemcomitans has been implicated in the pathogenesis of certain types of human periodontal disease. Patients with localized juvenile periodontitis frequently harbor A. actinomycetemcomitans in high numbers and develop serum and gingival crevicular fluid antibodies against the organism (3, 5, 26 ; P. A. Murray and R. J. Genco, J. Dent. Res. Special Issue A, Abstr. Am. Assoc. Dent. Res. 1980 , no. 329). The elimination of A. actinomycetemcomitans from localized juvenile periodontitis lesions results in the resolution of the disease (27) .
Few data are available on the serology of periodontal A. actinomycetemcomitans. Pulverer and Ko (23) identified six different anti-gens and 24 different tube agglutination patterns among 100 strains ofA. actinomycetemcomitans from oral and nonoral infections. They also detected species-common antigen(s) by the Ouchterlony gel diffusion technique. King and Tatum found that each of 33 A. actinomycetemcomitans strains examined by capillary tube precipitation contained one of three antigens (11) , as well as antigens shared with Haemophilus aphrophilus and other Haemophilus species.
In view of the importance of A. actinomycetemcomitans in human periodontal disease, it was considered essential to establish the antigenic relationship between oral strains of A. actinomycetemcomitans and between A. actinomycetemcomitans and various closely and distantly related oral bacterial species. Also determined was the distribution of the serotypes of A. actinomycetemcomitans in different ecological sites within the oral cavity and among individuals with different types of periodontal disease.
(Portions of this work were previously presented; [J. J. Zambon, R. J. Genco, and J. Slots (Table 2) . The source and characteristics of the A. actinomycetemcomitans isolates tested are described in detail elsewhere (J. J. Zambon, L. A. Christersson, and J. Slots, J. Periodontol., in press). It should be pointed out that although some investigators have reported a few strains of A. actinomycetemcomitans which were catalase negative (29) , this study includes only catalaseproducing organisms (6, 11, 23, 25) .
To prepare the bacterial cells for immunological procedures, we grew strains of Actinobacillus and Haemophilus species to late-logarithmic or early-stationary phase in NIH thioglycolate liquid media (Difco Laboratories, Detroit, Mich.). V-factor-requiring Haemophilus species were grown on chocolate agar for 72 h. Most strains of the other oral species were grown in brain heart infusion broth (BBL Microbiology Systems, Cockeysville, Md.). All strains were grown at 37°C in an anaerobic chamber (Coy Manufacturing Co., Ann Arbor, Mich.) containing 85% N2, 10% H2, and 5% CO2. The bacteria grown in liquid media were harvested by centrifugation and washed three times in phosphate-buffered saline (PBS; pH 7.2). The strains grown on agar plates were harvested with a platinum loop and also washed three times in PBS.
Antisera production. Whole bacterial cells to be used 12 ,000 x g for 30 min at 4°C, and the supernatants were removed, dialyzed overnight against distilled water, and lyophilized. The sonic extracts were then suspended to a protein concentration of 25 mg/ml as determined by the assay of Lowry et al. (12) and stored at -20°C until used.
Immunodiffusion. Immunodiffusion was carried out in 1.2% agarose (SeaKem ME; FMC Corp., Rockland, Maine) in 0.033 M Veronal buffer (pH 8.2) by the method of Ouchterlony (19) . Relevant combinations of bacterial cell sonic extracts and rabbit immune sera were examined. The negative controls included rabbit preimmune sera.
Immunofluorescence. Indirect immunofluorescence was carried out essentially as described by Mouton et al. (17) . Bacteria grown for 3 to 5 days on Trypticase soy blood agar (BBL Microbiology Systems, Cockeysville, Md.) were harvested with a platin;m loop and placed in PBS to an optical density at 540 nm of 0.7. Ten microliters of the bacterial suspension was distributed onto prewashed glass slides and gently heat fixed. The slides were stored at room temperature until used.
Ten microliters of rabbit antisera at working titer (the highest twofold serial dilution still giving a brilliant fluorescence of the cell envelope) in PBS containing 0.05% Tween 20 (PBS-T) was placed on the bacterial smears for 10 (Fig. 3A) . Conversely, rabbit antisera to H. aphrophilus developed precipitin bands with A. actinomycetemcomitans and H. aphrophilus sonic extracts (Fig. 3B) . Also evident was a precipitin band common to the H. aphrophilus strains, which was not shared by A. actinomycetemcomitans. Gel diffusion reactions showing common antigens were also seen when sonic extracts and rabbit antisera to H. paraphrophilus were used in place of H. aphrophilus (data not shown).
Patients who yielded cultivable A. actinomycetemcomitans generally exhibited serum antibodies to the serotype antigens. Figure 4A shows the precipitin reaction between serum from a patient harboring A. actinomycetemcomitans serotype a in microbial dental plaques, serotype a-specific rabbit antisera, and bacterial sonic extracts of strain 75 (serotype a). The precipitin bands between patient serum and strain 75 sonic extracts formed a reaction of identity with that found between serotype aspecific antisera and strain 75 sonic extracts. Likewise, the serum of a patient who was orally infected with A. actinomycetemcomitans serotype b revealed antibodies to the serotype b antigen, and subjects harboring the serotype c organisms possessed serum antibodies to the c antigen. No reaction was seen between the patient serum and the serotype-specific antigens from the two other serotypes. These results indicate the presence of antibodies to the serotype antigens in the patient serum and again show serological specificity among A. actinomycetemcomitans strains. (28) , which may reflect a variable presence of the leukotoxic antigen.
Consistent with previous studies is our finding that A. actinomycetemcomitans has a speciescommon antigen (11, 14) , as well as an antigen shared with H. aphrophilus (11) . In addition, Wetmore et al. (32) demonstrated common antigens among A. suis, A. equuli, and A. lignieresii, a finding with which we concur and which we have extended to include A. actinomycetemcomitans. In the identification of Actinobacillus sp., the use of common antigens can pose diagnostic difficulties. Pathak and Ristic (22) reported five human sputum isolates as A. lignieresii which were identified partly on the basis of common antigens in immunodiffusion assays; however, recent information suggests that their isolates may, in fact, have belonged to Pasteurella ureae (4) . Whether some common antigens may be useful in the identification of genera or species of the Haemophilus-Pasteurella-Actinobacillus group of organisms is a matter for further study.
The primary ecological niche for A. actinomycetemcomitans is assumed to be the oral cavity and the upper respiratory tract. From these sites, A. actinomycetemcomitans may seed to various areas throughout the human body (2, 11, 21 41, 1983 on October 28, 2017 by guest http://iai.asm.org/ Downloaded from tans, which King and Tatum (11) determined to belong to their predominantly xylose-nonfermenting subgroup of A. actinomycetemcomitans. Most of these strains would probably belong to our serotypes a or c. A. actinomycetemcomitans serotype c, which is a rare periodontal isolate, has been isolated by us from both a lymphoma patient and a bacterial endocarditis patient (Table 3) . Also, the type culture collection A. actinomycetemcomitans serotype c strains originate from vertebral and pulmonary infections.
Serotype selectivity for other organisms has also been reported in various nonoral diseases. An example which may be of interest for this study is that of H. influenzae. Of the six reported serotypes of H. influenzae, childhood meningitis is almost exclusively associated with serotype b, defined by the capsular polysaccharide (33) .
In summary, this study has revealed the presence of three distinct surface antigens of A. actinomycetemcomitans. This information may be useful both in the identification of the organism in clinical specimens and in investigating antigens important in the pathogenesis of oral and nonoral infections caused by A. actinomycetemcomitans.
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